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obesity is more effective than its subsequent treatment and is best instituted while animals are 48 just beginning to gain weight (Zoran, 2010; La Flamme, 2012 ), yet veterinarians often neglect to 49 formally diagnose and discuss an increase in BW (Lund et al., 2005) . Once obesity is established 50
it is much more difficult to implement successful weight loss strategies (Gossellin et al 2007; 51
Zoran 2010). For these reasons, some authors have stressed the importance of assessing adiposity 52
In order to generate MFBIA-based prediction equations for body composition, a 98 measurement of the current path is required. Since the precise path is unknown, a surrogate 99 measurement is used, e.g. height in humans (Foster and Lukaski, 1996) , or simple linear 100 measurement between the sense electrodes in animals (Ward and Battersby, 2009). After dogs 101
were sedated and placed in left lateral recumbency, body length to the nearest mm was measured 102 from the middle of the right eye to the anus using a flexible tape measure. 103
Dual energy X-ray absorptiometry and multifrequency bioelectrical impedance analysis 106
Dogs were fasted for at least 20 h prior to DXA followed by MFBIA measurements, 107 performed on the same day. Dogs were sedated with SC methadone (0.3 mg/kg; Methone 108
Injection, 10 mg/mL, Ceva Animal Health) and acepromazine (0.03 mg/kg; ACP2, 2 mg/mL, 109 Delvet) 30 min prior to anaesthesia with IV alfaxalone (1-2 mg/kg; Alfaxan CD-RTU, 10mg/mL, 110 Jurox). 111 112 Dogs were scanned (Hologic QDR-4500A) and scans were analysed using 113 manufacturer's software (Hologic). Dogs were positioned in a standardized fashion, aided by 114 gridlines on the scanner bed, in dorsal recumbency with the head extended, forelegs bent and 115 taped away from the body and the hind legs extended. A single scan (2-3 min duration) was 116 performed by an experienced DXA technician. Tissue quantification was achieved by measuring 117 the differential attenuation by lean, fat and bone mineral of two X-ray beams of different energy 118 levels to provide measurements of whole body lean mass, fat mass (FM) and bone mineral mass 119 (Heymsfield et al., 2005) . FFM was calculated as the sum of lean and bone mineral content 120 (BMC). FFM determined by DXA was comparable with that determined from measurement of 121 TBW by tracer dilution (Heymsfield et al., 2005) . 122
123
Whole body impedance was measured using a tetrapolar multifrequency bioimpedance 124 spectrometer (SFB7, ImpVet, ImpediMed), which measured resistance (R) and reactance (Xc) at 125 256 frequencies from 3 -1000 kHz at a constant drive current of 200 µA. Ag-AgCl gel EKG-126 style (24 x 22 mm) skin electrodes (ImpediMed) were used. Hair at the electrode site was clipped 127 closely to the skin and cleaned with an alcohol wipe. Based on preliminary reproducibility and 128 reliability studies, the following electrode locations were used: voltage sense electrodes were 129 placed cranially at the right stifle and right elbow with current drive electrodes 10 cm distal, 130 similar to the protocol used in other studies (Scheltinga et al., 1991 A 'split-group' cross-validation procedure was used in which prediction equations were 167 generated in a randomly selected by sex 'prediction' group (12 males and 11 females). These 168 equations were then used to predict FFM in the remaining one-third of the population (six 169 females and six males), the 'validation' group. The validation and prediction groups were not 170 significantly different (P > 0.05) in any characteristics. Predicted FFM was compared to that 171 measured by DXA using the concordance correlation coefficient, r c (Lin, 1989), Pearsoncorrelation coefficient, r p (Zar, 1999) and agreement between the two methods was assessed 173 using limits of agreement (LOA) analysis (Bland and Altman, 1986). 174
175

Results
176
Dogs enrolled in this study (Table 1) ranged from small to large breed crosses of varying 177 lengths (61 -98 cm) and weights (12.1 -43 kg). BCSs, however, were more uniform, with 89% 178 of dogs in ideal condition (BCS 3), 11% classified as overweight (BCS 4) and none classified as 179 obese or underweight (Table 1) . Male animals were significantly heavier and had significantly 180 greater lean (P < 0.05), BMC (P < 0.001) and FFM (P < 0.05) than female animals. FM was 181 30% greater in males than females, although this difference was not significant (P = 0.124), 182 reflecting the difference in BW. When expressed as %BW, %FM was 17.7 ± 4.4% and 17.3 ± 183 4.3% in males and females, respectively. 184 185
Fat-free mass (FFM) prediction equations. 186
Seven equations to predict FFM were generated by the regression analyses (Tables 2 and  187 3). Preliminary analyses showed that sex was not a significant predictor in any analysis; 188 therefore, it was removed from all equations. The resistance indices, L 2 /Zc and L 2 /R50 were also 189 not significant, but because L 2 /R50 was approaching significance (P = 0.057) an equation was 190 generated using this index to provide a point of comparison with previously published studies. 191
An equation was also generated to include only the most significant BIA variable, L 2 /R ∞ , and the 192 most significant morphometric measure, BW. Therefore, equations were generated using three 6.9% for equation 3 to ± 7.5% for equation 1 (Figs. 1 and 2 ). In contrast, morphometric-based 208 predictors generally exhibited smaller biases than those that included an impedance predictor 209 variable but had larger LOA, ranging from ± 8.2% (equation 5) to ± 11.6% (equation 7). 210
Although differences between equations in bias, LOA (Table 4) , r 2 and RMSE (Table 2) where the measurement units were as follows: FFM (g), BW (g), L (cm), and ∞ (ohm). This 218 equation was used to predict FFM in all dogs and %FM by difference with BW (Fig. 3a) . 219
Correlation with DXA-determined %FM was high (r p = 0.789; r c = 0.730; Fig. 3b ), although 220 LOA were wide with a significant slope, indicating that the BIA-based prediction overestimated 221 body fat percentage in animals with low %FM, but underestimated above approximately 24% 222 FM (Fig. 3b) . 
